Helminths from fifteen species of frogs (Anura, Hylidae) from Costa Rica. 
Introduction
The helminth biodiversity of Neotropical vertebrates is virtually unknown (SalgadoMaldonado et al. 2000) and consequently little information is available on the helminths of Costa Rican hylid frogs. Helminths from seven anuran species from Costa Rica are listed in Rodrigues-Ortiz et al. (2003) . Bursey and Brooks (2004) described Parapharyngodon duniae from Phrynohyas venulosa (currently Trachycephalus venulosus). Brooks et al. (2006) listed platyhelminth parasites from 6 Costa Rican hylid species, Isthmohyla lancasteri, Scinax boulengeri, Smilisca baudinii, Smilisca phaeota, Smilisca puma and Trachycephalus venulosus. As part of an ongoing series of studies on this subject (Bursey and Goldberg 2005 , 2006 , 2007a ,b, Bursey et al. 2001 , Goldberg and Bursey 2008 reported helminths from an additional 18 anuran species from Costa Rica. Although some 133 anuran species are thought to occur in Costa Rica (Savage 2002) , there are helminth records for only approximately one quarter of them. The purpose of this paper is to report helminths in 15 species of Costa Rican hylid frogs thereby increasing the database on helminths from tropical anurans.
Materials and Methods
Two hundred individuals representing 15 species of hylid frogs collected in Costa Rica and accessioned in the Natural History Museum of Los Angeles County (LACM), Los Angeles, California, were examined for helminths (descriptive statistics are given as means ± one standard deviation unless otherwise noted): Agalychnis annae (N = 10) SVL = 54.7 mm ± 3.5, range: 47-58 mm; Agalychnis callidryas (N = 11) SVL = 45.9 mm ± 2.3, range: 42-50 mm; Agalychnis spurrelli (N = 10) SVL = 51.7 mm ± 8.8, range: 38-69 mm; Dendropsophus ebraccatus (N = 35) SVL = 24.9 mm ± 2.8, range: 22-33 mm; Dendropsophus phlebodes (N = 10) SVL = 22.7 mm ± 2.1, range: 19-26 mm: Duellmanohyla uranochroa (N = 5) SVL = 31.6 mm ± 1.5, range: 30-33 mm; Hylomantis lemur (N = 10) SVL = 32.2 mm ± 2.7, range: 30-39 mm; Hypsiboas rosenbergi (N = 3) SVL = 62.3 mm ± 2.1, range: 60-64 mm; Isthmohyla pictipes (N = 15) SVL = 34.3 mm ± 2.3, range: 32-39 mm; Isthmohyla rivularis (N = 15) SVL = 29.5 mm ± 1.6, range: 27-32 mm; Isthmohyla tica (N = 11) SVL = 32 mm ± 2.0, range: 30-37 mm; Scinax elaeochrous (N = 30) SVL = 30.9 mm ± 1.9, range: 28-33 mm; Smilisca phaeota (N = 10) SVL =52.3 mm ± 8.2, range: 44-68 mm; Smilisca sordida (N = 10) SVL = 44.4 mm ± 8.9, range: 34-57 mm; Tlalocohyla loquax (N = 15) SVL = 40.7 mm ± 1.4, range: 38-43 mm (Appendix I).
Frogs had been collected by hand, fixed in 10% buffered formalin and preserved in 70% ethanol. The body cavities were opened by a longitudinal incision from throat to vent and the alimentary canals (esophagus to cloaca) were slit longitudinally and examined under a dissecting microscope. The lungs, body cavity and urinary bladder of each individual frog were also examined. All helminths were placed in vials of 70% ethanol for later examination at which time each helminth was placed on a glass slide in a drop of glycerol for study under a compound microscope. Nematodes and acanthocephalans were identified from these preparations, whereas trematodes were stained with hematoxylin and mounted in balsam for identification. Voucher helminths were deposited in the United States National Parasite Collection, USNPC, Beltsville, Maryland (Table 1) . Frog taxonomy is in accordance with Frost et al. (2006) and parasite terminology is in accordance with Bush et al. (1997) .
Results
We found 12 helminth species in the frogs examined: one species of Monogenea, (Polystomatidae), Polystoma naevius Caballero and Cerecero, 1942 , two species of Digenea, (Gorgoderidae), Gorgoderina diaster Lutz, 1926 and, (Brachycoeliidae) , Mesocoelium monas (Rudolphi, 1819), eight species of Nematoda, (Cosmocercidae), Cosmocerca podicipinus Baker and Vaucher, 1984, (Kathlaniidae) , Falcaustra costaricae Bursey, Goldberg and Miller, 2004, (Onchocercidae) , Ochoterenella digiticauda Caballero, 1944, (Molineidae) , Oswaldocruzia costaricensis Bursey and Goldberg, 2005, (Cosmocercidae) , Oxyascaris mcdiarmidi Bursey and Goldberg, 2007, (Rhabdiasidae) , Rhabdias savagei Bursey and Goldberg, 2005, (Physalopteridae) , Physaloptera sp. (larvae) and (Acuariidae), Acuariidae gen. sp. (larvae in cysts), and one species of Acanthocephala, (Cavisomidae), Anuracanthorhynchus lutzi (Hamman, 1891) (Table 1) .
A total of 262 helminths was collected from 71 (36%) of the 200 frogs examined. Of these, 32 (12%) were larval forms not capable of reaching maturity in anurans. Of the infected frogs, 50 individuals (70%) harbored one species of helminth, 18 (25%) harbored two species and three (4%) harbored three species. There were 1.39 ± 0.07 SE helminth species/ infected frog and 3.69 ± 0.38 SE (range 1-18) helminth individuals/infected frog. No host species harbored more than five helminth species: three (20%) frog species harbored one helminth species; four (27%) harbored two helminth species; four (27%) harbored three species; three (20%) harbored four species, and one (7%) harbored five species. There were 2.67 ± 0.32 SE helminth species/host species. Cosmocerca podicipinus was the most widely distributed helminth and occurred in 11 (73%) of the 15 frog species examined. Rhabdias savagei was the second most widely distributed species and was found in 6 (40%) of the 15 frog species sampled. Thirty-nine new host records are reported (Table 1) .
Discussion
Polystoma naevius was originally described from specimens taken from the urinary bladder of Hyla (currently Smilisca) baudinii collected in Veracruz, Mexico (Caballero and Cerecero 1941) . It was redescribed from the type-host collected in Mexico by Lamothe-Argumedo (1976) and was first reported from Costa Rica by Brooks et al. (2006) in Isthmohyla lancasteri, Scinax boulengeri, Smilisca phaeota and Trachycephalus venulosus. It has also been reported from Smilisca cyanosticta from Mexico (Goldberg et al. 2002) . Larvae of P. naevius infect tadpoles and become adults when the tadpoles metamorphose (Stunkard 1959) .
Gorgoderina diaster was originally described from a microhylid frog, Pseudis paradoxa, collected in Venezuela (Lutz 1926) , and recently redescribed from specimens taken from Rana (currently Lithobates) vaillanti and Rana (currently Lithobates) cf. forreri collected in Costa Rica (Mata-López et al. 2005) . Gorgoderina diaster is also known from Bufo (currently Rhinella marina) marinus, and Rana (currently Lithobates) palmipes (Fernandes 1958 , Brooks 1976 . Frogs acquire such parasites by ingesting infected mollusks or arthropods (Odlaug 1937) .
The genus Mesocoelium was established by Odhner (1911) with Mesocoelium sociale (Lühe, 1901) as the type species. Freitas (1958) reassigned Distoma monas Rudolphi, 1819 to Mesocoelium and later revised the genus recognizing seven valid species with M. monas (= M. sociale) as the type species (Freitas 1963) . The first report of M. monas in Costa Rica was by Caballero and Brenes (1959) . It is cosmopolitan in distribution and has been reported in bony fishes, amphibians, and reptiles; records are summarized in Bursey et al. (2007) . Bufo (currently Ollotis) luetkenii, Eleutherodactylus diastema, Eleutherodactylus (currently Craugastor) fitzingeri, Leptodactylus poecilochilus, Rana (currently Lithobates) brownorum, Rana (currently Lithobates) cf. forreri, and Smilisca puma (see Brooks et al. 2006) , as well as Craugastor crassidigitus and Craugastor taurus (Goldberg and Bursey 2008) should be added to that summary. Terrestrial molluscs are presumably the first intermediate hosts (Prudhoe and Bray 1982) .
Cosmocerca podicipinus, a monoxenous (i.e. has a direct life cycle) and generalist nematode, was originally described from a leptodactylid frog, Leptodactylus podicipinus from Paraguay (Baker and Vaucher 1984) . It is widespread and known from aromobatid, bufonid, hylid, leptodactylid and ranid frogs from Mexico and Central and South America (Cabrera-Guzmán et al. 2007) . It was first reported from Costa Rica in ranid frogs by Bursey and Goldberg (2005) and also occurs in eight species of brachycephalid frogs from that country (Goldberg and Bursey 2008) . Hosts become infected by direct (i.e. without participation of intermediate hosts) ingestion of immature stages or via active skin penetration by larvae (Anderson 2000) .
Falcaustra costaricae was described from specimens taken from a polychrotid lizard, Anolis (= Norops) tropidolepis, collected in Costa Rica , and has also been reported from three Costa Rican frog species: the ranid Lithobates vibicaria and the brachycephalids, Craugastor ranoides and Craugastor taurus Goldberg 2006, Goldberg and Bursey 2008) . Falcaustra is a member of the family Kathaniidae for which the mode of transmission is unknown; however, invertebrates are suspected to act as paratenic hosts for such nematodes (Anderson 2000) .
Ochoterenella digiticauda was originally described from Bufo marinus (currently Rhinella marina) collected in Mexico (Caballero 1944) and later redescribed by Esslinger (1986) based on the type specimens. This species was first reported from Costa Rica by Brenes and Bravo-Hollis (1959) and subsequently reported from Craugastor ranoides and Craugastor taurus collected in that country (Goldberg and Bursey 2008) . It has also been reported from Rana (currently Lithobates) dunni and Rana (currently Lithobates) vaillanti from Mexico (Pulido-Flores 1994 , Goldberg et al. 2002 . Wong and Bundy (1985) suggested that a haematophagous arthropod vector is required for infection by O. digiticauda.
Oswaldocruzia costaricensis was described from Rana (currently Lithobates) forreri from Costa Rica by Bursey and Goldberg (2005) . It also occurs in the brachycephalid frogs, Craugastor fitzingeri, Craugastor gollmeri, Craugastor ranoides and Craugastor taurus from Costa Rica (Goldberg and Bursey 2008) . Although development is monoxenous, there are conflicting reports regarding the mode of infection for species of Oswaldocruzia. Hendrikx (1983) successfully infected toads orally with third-stage larvae of O. filiformis and Baker (1978) reported cutaneous transmission for O. pipiens.
Oxyascaris mcdiarmidi was described from
Duellmanohyla uranochroa from Costa Rica by Bursey and Goldberg (2007a) . It also occurs in a brachycephalid frog, Craugastor ranoides from Costa Rica (Goldberg and Bursey 2008) . Isthmohyla pictipes is the second host reported to harbor this helminth. The method of transmission for Oxyascaris is unknown but may involve an invertebrate paratenic host (Anderson 2000) .
Rhabdias savagei was described from Lithobates forreri from Costa Rica by Bursey and Goldberg (2005) . It has also been reported from six species of brachycephalid frogs from Costa Rica (Goldberg and Bursey 2008) . Adult nematodes in the family Rhabdiasidae are common lung parasites of amphibians and reptiles and infection in amphibians is thought to occur by skin penetration (Anderson 2000) . Larvae of Physaloptera (but not adults) are common in anurans; their occurrences were summarized in Goldberg et al. (1993) . Their occurrence in Agalychnis callidryas likely resulted from ingestion of an infected insect (see Anderson 2000) . Larvae of Physaloptera sp. have previously been reported in neotropical anurans from Brazil and Peru (BoquimpaniFreitas et al. 2001 ) and the brachycephalid frogs, Craugastor ranoides and Craugastor taurus from Costa Rica (Goldberg and Bursey 2008 ).
Goldberg and Bursey

Isthmohyla pictipes Smilisca baudinii
Species of the Acuariidea are mainly parasites of the upper alimentary tract of birds and require an arthropod intermediate host to infect the final host; they are usually unable to complete their development when acquired by reptilian or amphibian hosts (Anderson 2000) .
Anuracanthorhynchus lutzi was originally described as Echinorhynchus lutzi from Rhinella marina (as Bufo agua) from Brazil by Hamman (1891) . It was transferred to Acanthocephalus by Meyer (1931) , but later reassigned to Anuracanthorhynchus by Bursey and Goldberg (2007b) based upon specimens taken from Lithobates warszewitschii collected in Costa Rica. It has also been found in the brachycephalid Craugastor melanostictus from Costa Rica (Goldberg and Bursey 2008) . Acanthocephalans require at least two hosts during their life cycle; arthropods are the usual intermediate hosts in which the infective stage, the cystacanth, develops and when eaten by an appropriate final host develops to maturity (Kennedy 2006) .
Helminth lists for Costa Rican hylid frogs are presented in Table 2 . Costa Rican hylid frogs are infected by generalist helminth species (i.e. species capable of infecting two or more host species). The questions that remain to be answered are why differential rates of infection occur within these hosts and are they are related to the small sample of hosts examined or are ecological and/or physiological factors at work?
